injecting, failed to counteract the venom. Even as much as 9 c.c. and 15 c.c. was equally useless, although the animals in the experiments in which 8 c.c. and 10 c.c. were employed lived.
Relation of the Toxin and Anti-Toxin
Snake-Venom. 89 The further experiments detailed in the present paper afford a reasonable interpretation of the very different efficacy of anti-toxic serum under these two conditions. They are also an additional con firmation of the conclusions regarding the direct chemical nature of the antagonism between the toxins and anti-toxins of diphtheria and snake-poison respectively, which were drawn by Cherry and myself in a recent paper.* Moreover, some inferences which seem to me to be necessitated by the experimental results are of practical importance in the treatment of snake-poisoning, and not devoid of interest in their bearing upon the relations of toxins and anti-toxins in general.
The experiments arranged in tabular form below were made with the object of obtaining definite data concerning the proportions of anti toxin to toxin necessary to save an animal under the following three conditions:-(1) Mixed together prior to injection. (2) Injected simultaneously, the anti-toxin into a vein, and the venom subcutaneously. (3) Injected simultaneously, but separately, under the skin.
The venom of
H o p l o c e p h a l u sc u rt u s, the Australian tiger-snake, was used. After weighing the dried venom, it was dissolved in enough 0-9 per cent. NaCl solution for 1 c.c. to contain 0-0001 gram of the venom. This solution was heated momentarily to 90° C. in order to destroy one of the poisonous constituents which coagulates at 85° C.* The poison ous proteose remaining produces the same symptoms as cobra poison, and is very probably identical with the principal poisonous constituent in that venom.
The anti-venene was prepared by Dr. Calmette. Two quite different serums were used. For the experiments in Series A above, samples dated November, 1896, were employed, and for the experiments in Series B samples bearing date December, 1897. The anti-toxic value of the former, according to Behring's method of notation, I found to be l/50th of a normal unit per c.c.; of the latter l/200th of a normal unit per c.c.f
The control experiments are in Table I . Here the same proportions of venom to body weight, as employed in the experiments in Tables  II, III , and IV, were injected, but no serum given. The effect of these doses of venom upon the rectal temperature and the time they took to kill is shown for comparison. From these experiments it is seen that 0-00003 gram venom per kilo, is just on the margin of fatality. From other experience I have found that this quantity generally kills.
II and III show parallel series of experiments. The amount of anti-venene per kilo, remains constant, but the quantities of venom in each case increase from 0-00003 to 0-00008 gram per kilo. In II the venom and anti-venomous serum were mixed together in a glass and allowed to remain in contact for fifteen minutes at temperature 13° C. prior to injection. In III the anti-venene was injected into the jugular vein at the same time that the venom solution was placed under the skin. II and III are similar in every other respect. The solution of venom and the serum used were the same, and the experi ments were made at the same time.
The two experiments in IV, made with the same venom solution and serum, show for comparison the result of injecting the venom and anti-* C. J . M., ' Roy. Soc. N.S.W . P ro c.,' A ugust, 1896. t P o r the la tte r sample I am indebted to th e kindness of D r. Calmette. The anti-toxic value m entioned above refers to th e serum as it arrives in Australia, and titra te d against th e venom of TLoplocephalus , heated to from D r. Calm ette's statem ent, th a t th e serum m ust he m uch more effective against cobra poison, or else th a t it deteriorates before reaching me. Series B. venene simultaneously, but separately, under the skin on different sides of the body. These large quantities were introduced by injecting about 2 c.c. into different situations ; 20 c.c. of serum is quite harmless. The rectal temperature of each rabbit was taken at the time of injection and each twelve hours subsequently. The fall in temperature caused by the poison is a good indication of the extent to which the animal is affected.
The conclusions I feel justified in drawing from the above experi ments a re :-(1) That about the same quantity of anti-venene necessary to neutralise the venom in vitro, is capable of former is injected into the blood-stream, and the latter sub cutaneously.
g. (2) At least ten to twenty times this quantity is required when they are both placed simultaneously under the skin, but in different parts of the body.
That the proportion of toxin to anti-toxin necessary to neutralise the former should be approximately the same whether they be (1) mixed in a glass, or (2) the anti-toxin be injected into the blood-stream and the toxin subcutaneously, might be expected if the nature of the antagonism between them be a chemical one, and in consideration of the evidence adduced by Kanthack,* * * § Erhlich,f Fraser, Stevens, and Meyer, § and Cherry and myself,|| I do not see that one can come to any other conclusion.
The toxin and anti-toxin of snake-poison neutralise one another when mixed together in adequate proportions, quite irrespective of the actual quantity of each. Solutions of the two can be titrated against each other just like standard solutions with the life of a rabbit as an indicator, in which the error in the determination of the " end point " is one fatal dose.
If anti-venene be introduced into the blood-stream the anti-toxin is there ready to neutralise the toxin as it is absorbed, and, as might have been predicted, the amount found necessary by titration outside the l>ody is just about adequate to neutralise the toxin as it makes its appearance in the blood. The experiments indicate, however, that a slightly larger proportion of anti-toxin is necessary under these cir cumstances, for the rabbits 9, 10, 11 lived a little longer than rabbits 15, 16, 17. This result may very well be due to delayed chemical action due to the dilution of the anti-toxin in the blood. 
Relation o f the Toxin and A nti-T oxin o f Snake-Venom.
The much higher proportion of anti-toxin to toxin required when separately introduced under the skin seems to necessitate the inference that anti-toxin is comparatively slowly absorbed from the subcutaneous spaces. Our chemical knowledge of this poison in venom and of the active principle in anti-venene, together with what is known of the physiological mechanism of absorption, is quite in accordance with the view that this anti-toxin is only capable of slowly penetrating the capillary wall, whereas the venom passes through fairly rapidly. The constituent of the venom which was used in the above experiments is an albumose. It dialyses slowly, can be filtered through a film of gelatin under pressure, although it does not pass through so readily as water or bodies of simpler molecular constitution.* It is rapidly absorbed by the blood-vessels. An animal can be killed by subcu taneous injection of a large dose in a few minutes, and the result is not retarded by previous ligature of the lymphatics from the limb and the thoracic duct.f
On the other hand, BrodieJ filtered anti-toxic serum of diphtheria through gelatin, and found that the active properties of the serum remained with the proteids on the outside of the filter. Cherry and I confirmed this result with diphtheria anti-toxin, and found the same for anti-venene, § and I think both these anti-toxins are bodies of great molecular size comparable to proteids. The walls of the capillaries of the limbs are membranes possessed of permeabilities approximating to those of a film of gelatin, for Starling showed they were relatively although not absolutely impermeable to proteids.|| If molecular size is the obstacle to proteid absorption from subcutaneous spaces the same would apply to anti-toxins.
Calmette has made the statement that anti-venene is more rapidly absorbed than venom. He does not adduce any experimental proof for such a statement, and I cannot see that the results detailed in this paper can bear any other interpretation than that the poison with which I have been working is absorbed 10-20 times as rapidly as the active principle in anti-venomous serum.
The practical indication of this in the treatment of snake bite is to inject the serum intravenously, until the potency of the anti-venomous serum which is at the disposal of the public is greatly enhanced. 
